We report the synthesis and characterisation of a family of three Co 
Introduction
There is continued interest in understanding the rational design of coordination compounds with desired, well defined magnetic properties like single−molecule magnetism, To obtain desired magnetic materials, many efforts have been devoted to design appropriate bridging ligands that play an essential role in dominating the exchange interactions. In this context, halides, 9w nitrates 10 and carboxylates 11 are long been appreciated for constructing polynuclear complexes that hold inherent structural beauty and ideal model systems for the studies of magnetism. With such considerations in mind, in this work, we evaluated the scope of anion variation on the structural features of three Co 
Results and discussion

Ligand design aspects
Schiff base ligands incorporating the o−vanillin moiety has enriched coordination chemistry by providing discrete molecules to coordination polymers in both homo and heteronuclear assemblies. 13 While optimizing the reaction conditions for the formation of 1−5, it was noticed that although the formation of the complexes is independent of the metal (M) to ligand (L) ratio, the ratio M : L : Et 3 N = 3 : 2 : 4 leads to maximum yield and pure products. It is worth mentioning that the synthetic method adopted for 1−3 also generated 4 and 5 but the single crystals were too small to mount. However, the reverse addition process yielded good quality crystals of 4 and 5. In order to verify the phase purity of the synthesised complexes with the calculated single crystal data, powder XRD were performed on powdered sample using Cu−K α as source. It was observed that, for all the complexes, the peak positions match well with the calculated pattern from SC-XRD data but the noise/scattering was high ( Figure S2 −S3 in the ESI).
Solid state structural descriptions
Crystallographic data for 1−5 are tabulated in Table S1 in the ESI. It will be convenient to discuss the crystal structures of 1−3 and 4−5 in comparison to determine the structural change in lieu of anion variation. We will elaborate the structures of 1 and 4 in detail while mentioning the notable differences within 1−3 and 4−5. (4) Å, Co4−O18 2.138(9) Å, Co4−O19 2.351(7) Å) (see Table S2 in the ESI). 17 Continuous Shape Measurements (CShMs) were performed to predict the geometry around the Co II centres (see Table S7 in the ESI) which indicated distorted trigonal prismatic geometry (D 3h ) around the hexacoordinated Co1 and Co4. The basal square plane is constituted by O6O1O2N3 for Co1 and O3O4O11N6 for Co4 and they are lifted from their least square planes by 0.5228 (4) Figure S4 and S5 in the ESI). From the CShMs analysis, Co1 and Co4 correspond best to square pyramidal (C 4v ) geometry (see Table S8 −S8 in the ESI). The crystal structure of 4 was determined in the centrosymmetric triclinic P−1 space group with two crystallographically independent Co II centers (Co1 and Co2) in the lattice while 5 crystallises in the orthorhombic Pca2 1 space group where each of the cobalt centers (Co1, Co2 and Co3) is crystallographically independent (see Figure 2 and Figure S6 in the ESI). In 4, the doubly deprotonated ligand utilises only the type-I bridging mode to form the trinuclear array. Figure 2 ). Complex 5 features pivalate instead of acetate (see Figure  S6 in the ESI). As described in 4, all the Co II ions are in a hexacoordinated environment. Note that, although the CoOMe distances in 5 (Co1−O8 2.489(5) Å, Co3−O4 2.480(5) Å) are slightly longer than those observed in 4, the pentacoordinated geometry around the outer Co1, Co3 ions is discarded since the difference is not significant (~0.06 Å). Also, the Co-OMe distances in 5 are still reasonable considering similar reported structures. Therefore, as per CShM analysis, all the Co II ions display an octahedral arrangement of ligands (seeTable S11 in the ESI). 
Supramolecular Description
The crystal packing of 1, 2 and 3 was further stabilised by strong inter−molecular C−H···π interactions between the -CH 3 of -OMe group and the adjacent phenyl ring. This gives rise to 1−D supramolecular chains in a zig−zag fashion along crystallographic axis a and they are involved in inter chain interactions through aromatic C−H····π to form a corrugated sheet like structure (see Figure S7 , Figure S8 , Figure S9 in the ESI). In 4 the adjacent molecules form 1−D supramolecular chains through hydrogen bonding between the oxygen atom of acetate and the hydrogen atom of coordinated methanol molecule and these 1−D chains undergo C−H···O interacƟon along b axis to form 2−D sheet over bc plane (see Figure 3) . The crystal lattice of 5 is stabilised by the strong hydrogen bonding between the lattice water (both donor and acceptor) and acetate (acceptor)/methanol (donor) of the molecule to form a zigzag chain along c axis. C−H···O interacƟon between the 1−D chains gives rise to 2−D sheet along ac plane (see Figure S10 in the ESI).
Mass−spectrometric analysis
Mass spectrometry studies were performed to determine the principal species present in solution and investigate the fragments which combined during the synthesis and crystallisation process. Mass spectra for 1−5 are recorded in methanol (see Figure S11 −S15 in the ESI the experimental one indicating the correct assignment of the species.
Anion influence in complex formation and their structural correlation
Finally, we tried to evaluate the structural differences generated on changing the anion from NO 3 − /Cl − /Br − to CH 3 COO − /(CH 3 ) 3 CCOO − (see Table 1 Figure S16 in 
Magnetic Study
The variable−temperature magneƟc properƟes of 1−5 were investigated in the range of 290−2 K in an applied field of 1000 Oe (see, plots Tables S7−S11 in the ESI). For 1 the two outer hexacoordinate−Co II ions are described as distorted trigonal prism (D 3h ), and the inner ones as octahedral (O h ). On the other hand, two coordination environments can be observed in 2 and 3: the outer Co II ions (Co1, Co4) are pentacoordinate in a square pyramidal (C 4v ) environment, whereas the inner ones (Co2, Co3) are hexacoordinate in an octahedral geometry. Regarding the {Co II 3 } complexes 4 and 5, all the three Co(II) centers can be described as distorted O h . Taking into account the different proposed symmetries, and the corresponding d−orbital splitting, the magnetic anisotropy may arise from 1 st order spin−orbit coupling (SOC) effects related to those atoms displaying ~O h symmetry, and from zero−field spliƫng (ZFS) effects from those ions displaying D 3h or C 4v geometries. As the temperature is lowered, the ߯ ெ ܶ products for 1−3 decrease gradually with temperature reaching minima of 0.41 cm 3 ·mol −1 ·K (1), 0.77 cm 3 ·mol −1 ·K (2) and 0.73 cm 3 ·mol −1 ·K (3) at 2 K (see Figure 4 ). This decrease is likely due to a combination of SOC and ZFS effects (see above) as well as antiferromagnetic intramolecular interactions, and is consistent with a diamagnetic ground state. The experimental ߯ ெ ܶ values for complex 4 steadily decrease with temperature, before reaching a plateau at ~10 K and a minimum of 4.54 cm 3 ·mol −1 ·K at 2 K. The tendency observed above 10 K is dominated by SOC effects, whereas antiferromagnetic interactions are likely to be responsible for the decrease of the susceptibility values below 10 K. In the case of 5, a decrease of the ߯ ெ ܶ values until 13 K is observed (5.65 cm 3 ·mol −1 ·K),
followed by an increase to reach a maximum of 6.97 cm 3 ·mol −1 ·K at 2 K, consistent with the presence of weak ferromagnetic interactions. Clearly, the {Co II 3 } complexes (4 and 5) exhibit different behaviour at low temperatures. This could arise from differences in the intermolecular interactions due to the different crystal packing displayed by the two complexes. As previously discussed, 4 displays H−bonds between MeOH and AcO − groups of different molecules, with a Co···Co distance of 5.2261(7) Å. On the other hand, the interaction displaying the shortest Co···Co distance in 5 (6.897(1) Å) is via phenoxide and MeOH groups and a water molecule of crystallisation. That leads to an increase of the Co···Co distances, and could lead to different intermolecular interactions. Considering the non−zero ground state inferred from the ߯ ெ ܶ values shown by 4 and 5 at low temperatures, the dynamic magnetic properties of both complexes were investigated by ac susceptibility measurements as a function of the temperature (T = 2-10 K) in the absence and presence of an external field (H dc = 2000 Oe) (see Figure S19 and S21 in the ESI). No signal was observed in the out−of−phase suscepƟbility (") for 5 in zero applied dc field (see Figure S21 , left in the ESI) or under the influence of an applied field ( Figure S21 , right in the ESI). In contrast, the application of a field leads to the enhancement of the dynamic properties in 4, resulting in the appearance of the tail of a frequency−dependent out−of−phase signal (see Figure S19 , right in the ESI). Thus, isothermal field sweep ac susceptibility experiments as a function of frequency were performed (see Figure S20 in the ESI) towards the suppression of the quantum tunnelling of the magnetisation within the molecule, which may be responsible for the null signal in zero applied dc field. Unfortunately, no maximum of the ߯" signal was observed despite the application of moderately large field (i.e. 5000 Oe) and consequently no further ac studies were performed on 4.
Conclusions
In this report, we undertook a systematic study of five Co II complexes equipped with a diazine based ligand, N,N−bis (3− We believe that the outcome of the present work would provide important insight to the synthetic chemists for optimizing the synthetic route. Future work involving related ligands will be focussed on varying other synthetic parameters for a comprehensive understanding of the systems.
Experimental Section Chemicals and general instrumentation
All starting materials were obtained from commercial sources and were of synthesis grade and used as received without further purification. Solvents were dried following standard procedures. Calcd: C, 44.34; H, 3.72; N, 6.20; found: C, 44.07; H, 3.72; N, 6.20. FTIR (cm −1 ): 3350, 2927 N, 6.20. FTIR (cm −1 ): 3350, , 1603 N, 6.20. FTIR (cm −1 ): 3350, , 1456 N, 6.20. FTIR (cm −1 ): 3350, , 1432 N, 6.20. FTIR (cm −1 ): 3350, , 1243 N, 6.20. FTIR (cm −1 ): 3350, , 1209 N, 6.20. FTIR (cm −1 ): 3350, , 1081 .
Complexes 4 and 5 were synthesised with small alterations to the procedure described above. 
Magnetic Measurements
Magnetic measurements for all the complexes (1-5) were performed on polycrystalline samples constrained in eicosane, using a Quantum Design SQUID magnetometer equipped with a 5 T magnet. The direct current (dc) measurements were performed in the temperature range 290-2 K under an applied field of 1000 Oe. Field−dependent magnetisation measurements were performed at 2, 4 and 6 K, over the range 0-5 T. Dynamic susceptibility measurements were performed over the temperature range of 2-10 K, with a drive field of 3 Oe and a frequency range from 1 to 1488 Hz. Data were corrected for the diamagnetic contribution of the sample holder and eicosane by measurements and for the diamagnetism of the compounds. Single Crystal X−ray Structural study Single crystals of 1, 2, 4 and 5 were picked up with nylon loops and were mounted on a Bruker AXS D8 QUEST ECO diffractometer (at 296 K) equipped with a Mo−target rotating−anode X−ray source and a graphite monochromator (Mo−K α , λ = 0.710 73 Å) while that of 3 was collected from a Bruker Nonius Apex II CCD diffractometer (at 296 K) with graphite monochromator and Mo-K α radiation (λ = 0.71073 Å). Crystal structures were determined by direct methods and subsequent Fourier and difference Fourier syntheses, followed by full−matrix least squares refinements on F 2 using SHELXL −2017/1 software package. 23a Crystal structure of 1 was refined with SHELXL −2017 within the Olex2−1.2 soŌware package where one of the coordinated nitrate ion was modelled with PART instruction. 23b The unit cell of 4 includes disordered solvent molecules which could not be modelled as discrete atomic sites therefore 'solvent mask' feature of Olex 2-1.2 was employed. PLATON/SQUEEZE was employed to calculate the diffraction contribution of solvent molecules which accounts possibly for the one water molecule per unit cell in non-stoichiometric occupancy (see ESI). Scaling and multiscan absorption corrections were employed using SADABS. 23c Hydrogen atoms were located at their calculated position and refined isotropically, while the non hydrogen atoms were refined anisotropically. The hydrogen atom attached to oxygen was located in the difference Fourier map and refined isotropically. The crystallographic figures were generated using Diamond 3.0 software. 23d The crystal parameters of the complexes are shown in Table S1 in the ESI. Metric parameters for complexes 1−5 are tabulated in 
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